SUMMARY Seasonal variation in the rates of stillbirth, and of deaths under the age of one year, were studied for England and Wales in order to examine (a) changes in the seasonal variation over the years and (b) the correlation between seasonal rates and seasonal temperatures. The quarterly rates of stillbirths were studied for the period 1928-78; and of deaths under the age of one year, in six different age groups, for the period 1912-78. A disappearance of seasonal variation in rates ('deseasonality') occurred for stillbirths in about 1950, and for neonatal deaths in about 1965. For deaths at 1-2 months a trend towards deseasonality has been apparent since 1955, but there has been no such trend for deaths at 3-11 months of age. In the period before deseasonality, and for the first quarter of the year, there was a high negative correlation between the neonatal death rate and the mean temperature in England and Wales but this correlation fell as the seasonal variation in rates fell. The findings suggest that seasonal variation in the neonatal death rate was closely related to winter temperatures during the period 1921-60. For deaths at 1-11 months old, there has been and still is a relation between temperature and seasonal variation in rates, but the relation was less close than for the neonatal death rate.
A number of British studies have shown a correlation between mortality from respiratory disease in young children and the temperature in the week, or in the two weeks, before death." But although it has long been observed that spells of cold weather are associated with an increase in the number of deaths during childhood, there appear to have been no formal reports of a correlation between seasonal death rates (from all causes) in infants and the corresponding seasonal temperature. Such a correlation might reasonably be expected whenever there is a marked seasonal variation in rates. Official statistics show that there was a marked seasonal variation in neonatal deaths during the interwar years which no longer occurs, and it seems likely that this change is an example of the phenomenon which Sakamoto-Momiyama4 has called 'deseasonality'. These considerations led us to make the present study, in which our aims were (a) to trace, for England and Wales, the changing pattern of seasonal variation in death rates for a series of age groups under one year covering as long a period as possible (which was the period 1911-78); (b) to examine correlations between seasonal death rates and mean seasonal temperature, and how such correlations might be affected by the phenomenon of deseasonality; and (c) to examine the correlation between death rate and the extent of seasonal variation.
Method
From the annual statistical reports of the Registrar General and the later reports of the Office of 77 E. H. Hare, P. A. P. Moran, and A. Macfarlane Population Censuses and Surveys, data on the quarterly numbers of deaths in England and Wales are available for each year since 1911 and for deaths at the following ages: less than one week, 1-4 weeks, 1-2 months (that is, more than one completed month of age and not more than three completed months), 3-5 months, 6-8 months, and 9-11 months. Data on the quarterly numbers of live births have been made available only since 1921, but for the years 1911-20 we were able to estimate the quarterly number of births from the number of deaths (as above) and the corresponding death rates. Death rates were calculated on the basis of cohort births. For a small age range, it will be a reasonable assumption that the death rate is constant throughout the range. On this assumption we calculated, for infants in each age range and dying in each quarter of the year, the proportion born in that quarter and in preceding quarters. These proportions were then used as a basis for calculating the cohort of live births from which those dying were drawn. To show the trend over the years, we calculated a seven-point moving average, weighting the data with binomial coefficients (that is, 1, 6, 15, 20, 15, 6, 1) . Such weighting seems preferable to a straightforward moving average because it gives greater weight to the years closer in time to the year for which the average is calculated.
Any study of the correlation between infant death rates and temperature over a considerable period of years is complicated by the general downward trend in death rates since 1911. Two methods of avoiding this difficulty derive from the use of a yearly index which is not directly dependent on the level of the death rates. One index is the ratio of the rate in a particular year to the rate averaged over a number of years immediately preceding and succeeding that year. This index, which we here call the first index, may refer to the rate in a particular quarter or to a yearly rate. We have used an average rate based on the 9 years centred on the year in question. The use of 9 years is somewhat arbitrary, but there were very similar results when the number was 5, 7 or 11. The other index, our second index, is the ratio of the rate in one quarter of the year to the rate for the year as a whole. These two indices depend on somewhat different aspects of the same data, and in so far as their use leads to the same results, we think this increases the trust which can be placed in our procedures and conclusions.
As a measure of the degree of seasonal variation occurring in any particular year, we used the ratio of the rate in the first quarter of the year to that in the third quarter. This seems reasonable because, with very few exceptions, the seasonal rate was highest in the first quarter and lowest in the third quarter of the year.
Results
Findings for the age groups of under one week and of 1-3 weeks were very similar; and the three groups 3-5 months, 6-8 months, and 9-11 months were also very similar to one another. The presentation can therefore be simplified, and Figs. 1-4 show the trends of the quarterly rates for stillbirths and for deaths in the three age groups (a) less than four weeks, (b) 1-2 months, (c) 3-11 months. Correlation coefficients between the rate in a particular year and the degree of seasonal variation in that year, as measured by the ratio of Q1 to Q3 rates, are shown in Table 4 . These are all positive, and that for neonatal deaths is notably high. Table 3 Correlation coefficients between seasonal temperatures and infant death rates for 1921-60 (using thefirst index of rates, that is, ratio of rate in a particular quarter to the 9-year average rate) MEAN Fig. 7.9) .
Sakamoto-Momiyama suggested that the decrease and disappearance of high winter death rates was related to the introduction of central heating, for deseasonality occurred earliest in countries with very cold winters where central heating would be used as soon as available, while in the other countries with milder winters, central heating would be introduced more gradually. Because, on the present findings, deseasonality has occurred for neonatal but not for postneonatal death rates, we should need, on Sakamoto-Momiyama's hypothesis, to suppose that it is younger rather than older infants who have been affected by the introduction of central heating-a not unreasonable supposition, as younger infants are more likely to be kept indoors during cold weather. On the other hand, it is the older age groups which show the greatest seasonal variation in mortality, and which have shown the greatest relative fall in mortality over the past 60 ye,ars-circumstances which suggest that even a moderate benefit from central heating might have been expected to show some deseasonalising effect. The failure to demonstrate a trend towards deseasonality in these older infants in the present study, and the low negative correlation between their annual rate and seasonal variation, in contrast to the high positive correlation found for deaths under the age of four weeks, support the conclusion of Macfarlane" that the postneonatal mortality rate is Table 4 Correlaton coefficients between yearly ratest of sdllbirths and infant deaths and the seasonal variation in these rates (seasonal variation measured as the ratio ofrates in the first and third quarters of the year) 82 not directly associated with its seasonal variation. These findings also support the view7 that there is a considerable difference in the factors determining perinatal and postneonatal mortality. Our finding of a correlation between infant death rates and environmental temperature confirms and perhaps extends previous work on the subject." This relation is only a particular instance of a general relation between mortality rates and temperature."" Bull and Morton"1 showed, for monthly deaths in England and Wales during 1963-66, (a) that there was a close association between death rate and temperature for most diseases other than carcinoma, and that this association was much stronger in the elderly than in younger subjects; (b) that the death rate might be associated with temperatures occurring three weeks or more before the date of death; and (c) that whereas colder temperatures were associated with higher death rates, high rates were also associated with periods of particularly high temperature. Our present findings may be considered in line with those of Bull and Morton. It would not be unexpected that the increased susceptibility to external temperature shown by the very old should also be shown by the very young. We find a strong association between temperature and infant death rates, even where these indices are averaged over periods of three months and more (and it may be noted that the period January-March is not necessarily the best measure of the cold season, though we had to use this period because numbers of births by month of birth have been published only since 1939). And we find, for deaths in older infants, a positive correlation between rate and temperature in the third (summer) quarter of the year (Table 3 ).
The relation between temperatures and rates in the first and third quarters of the year probably accounts for the peaks in the graph of Q1/Q3 ratios for deaths at 3-11 months (Fig. 5) ; these peaks are related to years with particularly cold winters. The peaks are reflected to a lesser degree for deaths at earlier ages.
A general point may be made about secular changes in early death rates. By about 1920, the previously common summer excess in death rates, related to summer diarrhoea, had practically disappeared, and summer rates became the lowest of the seasonal rates; and by 1950, the high winter death rates began to diminish for deaths under the age of three months. The present findings give emphasis to Boyd's3 suggestion that the low correlations found by Young'- and the even lower ones by Woods12-over a period of 50 years and more7from the middle of the last century were the consequence of changing patterns of seasonal mortality, while the high correlations found by Wright and Wright for the interwar years, similar to those found in the present E. H. Hare, P. A. P. Moran, and A. Macfarlane study for the same period, more truly reflect the high dependence of death rate on temperature during that particular time. Such secular changes imply that a correlation between seasonal mortality and any particular environmental factor is not likely to remain constant, or to be susceptible of a single interpretation, when taken over a considerable period of years; and that even over short periods, attention needs to be given to the continually changing nature, seasonal or otherwise, of the patterns of mortality.
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